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I n t r o d u c t i o n
The aspiration of BM and its use in various forms for regenera-

tive treatment have gained increased attention in recent years. The 
two sites described for obtaining BM in horses are the sternum (1) 
and the tuber coxae (2,3). While most equine veterinarians probably 
prefer the sternum, this site forces them to assume an unsafe position 
when performing this procedure. Furthermore, severe complica-
tions have been reported following sternal BM aspiration (4). In 

principle, all bones containing BM can be used if they are accessible 
for transcutaneous puncture. The ilium (tuber coxae or iliac crest) is 
used in humans (5,6), in dogs and cats (7), and in small ruminants 
and pigs (8) used for experimental purposes.

If aspiration at the tuber coxae is as efficient as sternal aspiration, 
it would be a safe alternative for both the equine veterinarian and the 
horse. Therefore, the goal of this study was to compare BM aspirates from 
the sternum with those taken from the tuber coxae in terms of yield of 
marrow and obtainable MSC in a group of healthy, middle-aged horses.
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A b s t r a c t
The objective of this study was to compare bone marrow (BM) aspirates from the sternum and the tuber coxae of middle-aged 
horses. Bone marrow was obtained from the sternum and both tubera coxae of 12 healthy, 13-year-old geldings. Two different 
puncture techniques were used for the tuber coxae. The 2 syringes used for sternal sampling were evaluated separately. The 
mononuclear cell (MNC) fraction of the BM was isolated and the mesenchymal stem cells (MSCs) were culture-expanded. At 
the sternum, BM aspiration was always possible. Bone marrow aspiration at the tuber coxae required straight and deep needle 
penetration combined with high negative pressure. With this technique a median sample amount of 11.0 mL with large individual 
variation was obtained. A median of 3.06 3 106 MNC/mL BM (1st syringe) and 2.46 3 106 MNC/mL BM (2nd syringe) was 
isolated from sternal samples. In contrast, the tuber coxae yielded a median of 0.27 3 106 MNC/mL BM. The first passage yielded 
a median of 2.19 3 106 MSC (1st syringe) and 1.13 3 106 MSC (2nd syringe) from sternal samples, compared to a significantly 
lower median number of MSC from tuber coxae BM (0.06 3 106 MSC). The number of MNC and MSC obtainable from the BM 
aspirates taken from the tuber coxae is significantly lower than that obtained from the sternal BM aspirates. Autologous BM 
for the equine athlete is particularly clinically relevant at an advanced age. Based on our findings, the tuber coxae cannot be 
recommended for BM aspiration in middle-aged horses.

R é s u m é
Cette étude visait à comparer les aspirations de moelle osseuse (MO) provenant du sternum et de la tubérosité de la hanche de chevaux d’âge 
moyen. La MO fut obtenue du sternum et des deux tubérosités de la hanche de 12 hongres âgés de 13 ans. Deux techniques de ponctions 
différentes ont été utilisées pour la tubérosité de la hanche. Les 2 seringues utilisées pour l’échantillonnage du sternum furent évaluées 
séparément. La fraction des cellules mononucléaires (MNC) de la MO a été isolée et les cellules souches mésensychamenteuses (CSM) ont 
été multipliées par culture. À partir du sternum, les aspirations de MO étaient toujours possibles. L’aspiration de moelle osseuse à partir 
de la tubérosité de la hanche nécessitait de combiner une pénétration droite et profonde de l’aiguille ainsi qu’une pression négative élevée. 
Au moyen de cette technique une quantité médiane de 11,0 mL d’échantillon était obtenue, avec de grandes variations individuelles. Une 
quantité médiane de 3,06 3 106 CSM/mL de MO (1ère seringue) et de 2,46 3 106 CSM/mL de MO (2e seringue) était obtenue à partir des 
échantillons du sternum. Ceci contrastait avec la médiane de 0,27 3 106 CSM/mL de MO obtenue de la tubérosité de la hanche. Une médiane 
de 2,19 3 106 CSM (1ère seringue) et de 1,13 3 106 CSM (2e seringue) a été obtenu des échantillons provenant du sternum, comparativement 
à une quantité médiane significativement moindre de MSC provenant de la MO de la tubérosité de la hanche (0,06 3 106 CSM). Le 
nombre de cellules mononucléaires et de CSM pouvant être obtenues à partir d’aspiration de MO provenant de la tubérosité de la hanche 
est significativement plus bas que celui obtenu à partir d’une aspiration de MO provenant du sternum. Pour un athlète équin, de la 
MO homologue a une signification clinique particulière chez un animal plus âgé. Selon nos trouvailles, la tubérosité de la hanche ne peut 
être recommandée pour une aspiration de MO chez des chevaux d’âge moyen.
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M a t e r i a l s  a n d  m e t h o d s

In-vivo sampling
Twelve geldings (13 y of age, mean body weight of 580 kg) were 

included in this study (2 Thoroughbreds, 2 Standardbreds, and 
8 Warmbloods). The horses belonged to a research herd and were 
kept on pasture at the time of sampling. On physical examination 
of the horses before BM aspiration, all parameters were within 
normal limits. None of the horses had undergone BM aspiration 
before. Aspirations were performed at the right and left tuber coxae 
at 2 separate times.

Before the procedure, each horse was sedated with 0.06 mg/kg 
romifidine (Sedivet; Boehringer Ingelheim, Ingelheim, Germany) and 
0.02 mg/kg body weight (BW) butorphanol (Torbugesic; Fort Dodge 
Veterinär, Würselen, Germany). The preparation for puncture was the 
same at all sites: the ventral chest wall and the point of the hips were 
clipped with a No. 40 blade and the skin was aseptically prepared 
using iodine soap and alcohol. The soft tissue overlying the targeted 
bones was anesthetized with 6 mL 2% lidocaine (Lidocain HCl 2%; 
Bela-Pharm, Vechta, Germany) and incised using a No. 15 scalpel 
blade. The sternum was punctured before the tuber coxae. The punc-
ture site for BM aspiration at the sternum was located in the sternal 
midline, about 1 hand caudal to the olecranon. The trocar with the 
sharp obturator of an 11-ga and 10-cm long BM biopsy needle (Bone 
Marrow Harvest Needle; Angiotech, Gainsville, Florida, USA) was 
inserted perpendicularly into the skin incision and advanced with 
gentle force and rotary to-and-fro motion approximately 2 cm into the 
bone. After the obturator was removed, a heparinized 12-mL syringe 
[5000 IU Heparin-Sodium/10 mL BM aspirate (Heparin-Natrium 
Braun; B. Braun, Melsungen, Germany)] was attached and BM was 
aspirated. If possible, a 2nd heparinized syringe was filled.

For BM aspiration at the right tuber coxae, the puncture site was 
located in the center of the tuber coxae. The biopsy needle was 
pointed in a medial and slightly ventrocaudal direction. After the 
needle was advanced approximately 5 cm into the bone, the sharp 
obturator was removed. Again, a heparinized 12-mL syringe was 
attached and BM was aspirated. If no BM was obtainable, the needle 
was redirected at least twice within the bone. Negative pressure 
was applied for at least 1 min before the procedure was terminated.

A modified technique was used for BM aspiration at the left tuber 
coxae. The puncture site was identical to that on the right side, with 
the biopsy needle pointing straight in a medial direction, perpendic-
ular to the horse’s midline. The needle was advanced up to 8 cm into 
the bone. For aspiration, a 30-mL or 50-mL heparinized syringe was 
used (Figure 1). If necessary, the needle was redirected and negative 
pressure was applied. The maximum amount of BM obtainable was 
sampled. If no BM could be extracted, the procedure was terminated 
after 2 min. All amounts of BM aspirated were recorded.

The horses and the site of aspiration were closely monitored for at 
least 3 d after the procedure. All procedures used in this study were 
approved by the State Animal Care Committee.

In-vitro processing of the bone marrow aspirates
Bone marrow aspirates were processed within 8 h after sampling. 

Two methods were used to isolate the MNC fraction. Red blood cell 

(RBC) lysis was used to isolate MNCs from sternal samples and from 
the samples from the right tuber coxae. Density gradient centrifuga-
tion was used to isolate MNCs from the left tuber coxae samples. The 
2 syringes with sternal BM were processed separately. Bone marrow 
from the left tuber coxae was pooled.

Red blood cell lysis was performed by resuspending the BM aspi-
rate in phosphate buffered saline (PBS; Biochrom, Berlin, Germany) 
at a ratio of 1:2 and pouring it through a 100-µm cell strainer 
(BD Biosciences, Erembodegem, Belgium). The suspension was 
centrifuged [2000 3 g, 10 min, room temperature (RT)] and the 
plasma supernatant was removed. The remnant obtained under-
went RBC lysis adding buffered erylysis solution (ammonium 
chloride; Riedel-de Haën, Seelze, Germany), potassium hydro-
gencarbonate (Kaliumhydrogencarbonat; Sigma-Aldrich Chemie, 
Taufkirchen, Germany), ehtylenediamine tetra-acetic acid (EDTA) 
(Fluka; Feinchemiekalien, Sigma-Aldrich Chemie), aqua bidest 
(MembraPure, Bodenheim, Germany) and careful resuspension 
of the cell pellet. After 5 min, the material was centrifuged again 
(2000 3 g, 10 min, RT) and the supernatant was removed. The cells 
obtained were washed twice in Dulbecco’s Modified Eagle Medium 
(DMEM 1/2 Glutamax; Gibco Invitrogen, Paisley, United Kingdom). 
The MNCs obtained were counted manually and plated in T175 cm2 
tissue culture flasks in culture medium, DMEM Glutamax, supple-
mented with 10% fetal calf serum (Sigma-Aldrich Chemie) and 1% 
Penicillin/Streptomicin (PAA, Pasching, Austria), and incubated at 
37°C in 5% CO2. Media were changed first after 1 to 2 d and then 
every 3 to 4 d. All samples were passaged first after 15 d and a 
second passage was performed when cells reached 80% confluency.

For density gradient centrifugation, the BM was resuspended in 
PBS (ratio of BM to PBS 1:2), loaded onto 70% Ficoll gradient solu-
tion (Ficoll-Paque Premium; GE Healthcare, Uppsala, Sweden), and 
centrifuged (328 3 g, 30 min, RT). The MNCs were collected from the 
interface and washed twice in PBS and centrifuged (437 3 g, 5 min, 
10°C). The MNCs obtained were counted manually and placed in 
cell culture flasks at a density of 4 3 105/cm2 and cultured as previ-
ously described. First and second passage were performed when 
80% confluency was reached.

Figure 1. Aspiration at the left tuber coxae using a 50-mL syringe, plac-
ing the bone marrow aspiration needle straight and advancing it up to 
8 cm into the bone.



54 The Canadian Journal of Veterinary Research� 2000;64:0–00

Generation time between first and second passage was calculated 
for all MSC lines to allow comparison of growth characteristics 
between the 2 aspiration sites (9). Briefly, generation time was cal-
culated using the following equation: 

	 log 2 3 t
tg = 
	 log N 2 log N0

(tg = generation time; t = duration of culture time at the time 
of evaluation; N = number of cells at the time of evaluation;  
N0 = number of cells at the time point 0).

Statistical analysis
Statistical analysis was performed with SPSS for Windows 

(Version 18.0; SPSS, Chicago, Illinois, USA) using a Wilcoxon signed 
rank test and a Mann-Whitney rank sum test to compare the median 
obtained MNC and MSC count and the median generation time, 
respectively. Significance was set at P , 0.05 for all tests.

Re s u l t s

In-vivo sampling
All horses tolerated the procedure well. None of the horses 

showed any signs of discomfort or wound morbidity after the 
procedure and throughout the following days. Bone marrow aspi-
ration was always possible at the sternum with median samples of 
11.0 mL (1st syringe) and 11.3 mL (2nd syringe) (Table I). Two syringe 
samples were lost due to a technical error. Bone marrow (4.5 mL) 
could be obtained at the right tuber coxae from only 1 horse. At 
the left tuber coxae, using a modified sampling technique, BM was 

obtained from all horses, with a median sample amount of 11.0 mL. 
However, a large variation was noticed (a minimum of 0.5 mL to a 
maximum of 33 mL BM). Macroscopically, several of the samples 
from the tuber coxae contained small fat droplets and were lighter 
red in color than the BM obtained from the sternum.

In-vitro processing of the bone marrow aspirates
A median of 3.06 3 106 MNC/mL BM (1st syringe) and 2.46 3 106 

MNC/mL BM (2nd syringe) could be isolated from sternal samples. 
The single sample obtained from the right tuber coxae yielded 
0.5 3 106 MNC and a total of 0.025 3 106 MSC at the time of first pas-
sage. This sample was not pooled with the sample from the left side. 
A median of 0.27 3 106 MNC/mL of BM could be isolated from the 
left tuber coxae samples, with a wide range between the minimum 
and maximum values (0.01 to 1.43 3 106 MNC/mL BM, respectively).

First passage for the sternal samples was conducted after 15 d 
in culture, while tuber coxae samples were first passaged when 
80% confluency was reached (on average after 16.9 d). A median 
of 2.19 3 106 MSC (1st syringe) and 1.13 3 106 MSC (2nd syringe) 
was yielded from sternal samples, compared to a significantly 
lower median number of MSC from tuber coxae samples, with 
0.06 3 106 MSC. It is important to note that cell growth was feasible 
in only 10 out of 12 tuber coxae samples. Among those, 7 samples 
yielded 0.78 3 106 MSC or less.

Differences were also noticed between the cell numbers yielded 
from the 1st and 2nd sternal syringe. The 1st syringe contained a 
higher MNC count per milliliter of BM, which further generated a 
higher number of MSC than the 2nd syringe. The generation time 
of the MSC from the tuber coxae and from the sternum from first to 
second passage was not significantly different (P = 0.106).

Table I. Amount of bone marrow (BM), total number of mononuclear cells (MNCs) number of MNCs per milliliter of BM, and number 
of mesenchymal stem cells (MSCs) at the first passage from the sternum and the left tuber coxae in 12 middle-aged horses

	 Sternal sample 1st syringe	 Sternal sample 2nd syringe	 Pooled left tuber coxae sample
			   MNC 3	 1st pass.			   MNC 3	 1st pass.			   MNC 3	 1st pass.
Horse	 BM	 MNC 3	 106/mL	 MSC 3	 BM	 MNC 3	 106/mL	 MSC 3	 BM	 MNC 3	 106/mL	 MSC 3
number	 (mL)	 106	 BM	 106	 (mL)	 106	 BM	 106	 (mL)	 106	 BM	 106

  1	 11.0	 30.25	 2.75	 1.13	 11.0	 29.50	 2.68	 Cont	 33.0	   7.38	 0.22	 1.13
  2	 10.5	 53.00	 5.05	 1.38	 lost				    15.0	 15.13	 1.01	 1.81
  3	 10.5	 18.38	 1.75	 4.88	 lost				    10.0	 10.50	 1.05	 0.19
  4	 11.5	 70.00	 6.09	 3.38	 11.0	 11.00	 1.00	 0.13	 9.0	   0.06	 0.01	 0.31
  5	 11.0	 108.00	 9.82	 2.00	 13.0	 67.00	 5.15	 1.00	 5.0	   0.31	 0.06	 Ng
  6	 10.5	 40.00	 3.81	 5.37	 12.0	 41.00	 3.42	 2.88	 12.0	   8.38	 0.70	 0.38
  7	 12.0	 26.00	 2.17	 3.88	 12.0	 121.00	 10.08	 2.75	 18.0	 25.70	 1.43	 2.00
  8	 11.5	 13.00	 1.13	 4.75	 11.0	 5.25	 0.48	 0.13	 17.0	   3.84	 0.23	 0.78
  9	 11.5	 38.70	 3.37	 0.75	 11.0	 23.75	 2.16	 0.63	 5.0	   0.13	 0.03	 0.02
10	 11.0	 23.25	 2.11	 1.88	 11.0	 20.50	 1.86	 Cont	 30.0	   9.50	 0.32	 0.13
11	 11.0	 59.75	 5.43	 2.38	 11.5	 61.25	 5.33	 2.50	 10.0	   4.00	 0.40	 0.44
12	 12.0	 16.00	 1.33	 0.50	 12.0	 26.75	 2.23	 1.25	 0.5	 Not platable

Q1	 10.9	 22.03	 2.02	 1.31	 11.0	 21.31	 1.94	 0.50	 8.0	   2.08	 0.05	 0.04
Median	 11.0	 34.48	 3.06	 2.19	 11.3	 28.13	 2.46	 1.13	 11.0	   7.38	 0.27	 0.06
Q3	 11.5	 54.69	 5.14	 4.09	 12.0	 56.19	 4.72	 2.56	 17.3	 10.00	 0.78	 0.17
BM — bone marrow; MNC — mononuclear cells; MSC — mesenchymal stem cells; pass. — passage; Cont — contaminated culture; Ng — No 
growth; Q1 — Lower quartile; Q3 — Upper quartile.
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D i s c u s s i o n
In the present study we compared BM aspiration at the sternum 

and at the tuber coxae in a group of middle-aged horses.
Evaluating the 2 different puncture techniques at the tuber coxae, 

it becomes apparent that a straight needle direction and deep pen-
etration combined with a considerable high negative pressure, for 
example, using a 30-mL or 50-mL syringe, is important in order to 
obtain BM from this location. We developed the technique used at 
the tuber coxae as well as its modification by studying the pelvic 
bones of equine cadavers. Ilial bone marrow aspiration techniques 
are described on various commercial Web sites (10,11). Both sources 
emphasize the importance of sufficient high negative pressure, 
which is applied long enough, for successful aspiration of BM at this 
location. However, we were not able to aspirate clinically relevant 
amounts of BM in all our horses. In 6 out of 12 animals, only 10 mL 
of BM or less could be obtained. Contrary to that, aspiration was 
possible at the sternum in all cases of the present study even though 
less negative pressure was applied through use of a 12-mL syringe.

The cell number that is yielded per milliliter of BM is more impor-
tant than the total amount of BM. The total numbers of MNCs and 
MSCs, as well as the cell count per milliliter of BM were significantly 
higher in aspirates from the sternum than in aspirates from the 
tuber coxae.

For therapeutic application in horses, a minimum of 10 3 106 MSC 
per lesion site is reported (12–14). At the first passage, the median 
MSC number from the tuber coxae samples was 60 000 cells. As 
further passages become necessary to acquire a sufficient amount of 
MSCs, cell senescence and decreased growth as well as differentia-
tion capacity may diminish the quality and therapeutic applicability 
of cultured MSC.

The age of the animals is a possible explanation for the discrep-
ancy between our results and those of previous reports that describe 
the tuber coxae as a valid source for BM in horses. In other studies, 
2- to 5-year-old horses (2) or even immature animals less than 2 y 
of age were used (3,15). The specific goal of the present study was 
to assess the efficiency of the tuber coxae as a BM aspiration site in 
horses at an advanced age. These horses represent a potential patient 
population for orthopedic treatment, particularly in warm-blooded 
sport horses.

An interesting finding is the large individual variation of obtain-
able BM from the tuber coxae (a minimum of 0.5 mL to a maximum 
of 33 mL BM), although all punctured horses were the same age 
and had been in the research herd for several years. This was also 
observed by Stewart et al (3). Possible explanations are remaining 
variations of the sampling technique from horse to horse or true 
individual differences.

Another important finding is the variation in the number of MSCs 
obtained in the 1st and 2nd syringe in the sternal BM samples. This 
is in agreement with a previous report on BM aspiration at the same 
location (16). Variation between samples was also described by 
Stewart et al (3) when tuber coxae samples were taken, although they 
did not specify whether the 1st or the following syringes yielded a 
higher amount of MSC. Kasashima et al (16) therefore recommend 
multiple punctures of the same sternebra with an aspiration of 
smaller amounts, such as 5 mL. Alternatively, multiple sternebrae 

can be used for aspiration. The sternum contains up to 7 sternebrae, 
of which the 4th and 5th sternebra are commonly used for aspiration, 
preferably with sonographic guidance.

The main criticism of this study is that 2 different methods were 
used to isolate MNCs. Density gradient centrifugation and RBC lysis 
are both valid and established isolation procedures. Density gradi-
ent centrifugation is a frequently described isolation technique in 
most of the articles pertaining to equine MSCs (17–20). Two density 
gradient centrifugation methods using either Percoll or Ficoll and 
the classic isolation technique of adherence to a plastic culture dish 
to isolate equine BM-derived MSC were recently compared (21). It 
was found that the Percoll protocol was best in terms of MSC yield 
and self-renewal potential. Horn et al (22) and Peterbauer-Scherb 
et al (23), however, used RBC lysis to isolate human and pig MNC, 
respectively. They found the RBC lysis technique to be more efficient 
than density gradient centrifugation.

Based on these findings, we can speculate that the difference 
between cell numbers obtained at the sternum and tuber coxae in 
our study may in part be due to the different isolation techniques 
used. By calculating the generation time of all MSC lines from the 
first to the second passage, it was attempted to indirectly measure 
the growth performance of the isolated MSCs. Generation time is 
the time between 2 cell divisions and is therefore a measure of the 
growth potential of cells. As no significant difference in genera-
tion time was observed, we assume that the isolation protocols are 
comparable. A dedicated study comparing the efficiency of density 
gradient centrifugation and RBC lysis for isolating equine MSC from 
BM is currently underway at the Large Animal Clinic for Surgery at 
the University of Leipzig. Preliminary data suggest that there is no 
significant difference in isolated MNCs or growth characteristics of 
the cultured MSCs.

In this study we compared BM aspiration at the sternum and 
the tuber coxae in a group of middle-aged horses. In terms of the 
quantity of BM, the tuber coxae is an unreliable source of BM. More 
importantly, the quality of BM, measured by MSC yield, is inferior to 
samples taken from the sternum. The sternum therefore remains the 
preferred site for BM aspiration in middle-aged horses. To achieve an 
even higher quality of BM from the sternum, we recommend aspi-
rating smaller volumes of BM from multiple punctures of a single 
sternebra or aspirating BM from more than 1 sternebra.
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